In three consecutive years, springcalving Hereford and Hereford x Angus cows ( n = 348) were used to determine effects of level of supplemental energy or protein before and after calving on cowherd performance. were not influenced by treatments fed for a short period after calving. In conclusion, conception rates were significantly improved by feeding greater levels of supplemental energy prepartum but not postpartum. Energy supplements can affect reproduction with minimal effects on BW or condition.
Introduction
Adequate body energy reserves (body condition) at calving are critical for determining reproductive performance of beef cows (Richards et al., 1986; Selk et al., 1988) . Although cows in good body condition at calving can tolerate minimal body weight changes before and after calving (Corah et al., 19751 , more severe changes in energy intake before and after calving can affect reproductive efficiency (Wiltbank et al., 1962 (Wiltbank et al., , 1964 Bellows and Short, 1978; Rakestraw et al., 1986) . Although effects of weight and condition changes before and after calving have been well documented, controlling such changes under range conditions can be difficult. Recent studies in which the same energy and protein supplements were fed during the winter to lactating fall-calving cows and to nonlactating spring-calving cows in late gestation ' Approved for publication by the Director, Agric. Exp. Sta., 2Present address: Hubbard Milling Co., 424 N. Riverfront Dr., 3T0 whom correspondence should be addressed. Received July 1, 1994. Accepted November 8, 1994.
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J. Anim. Sci. 1995. 73:657-664 strongly suggest that stage of lactation can affect weight change responses of cows grazing dormant, native tallgrass range (Lusby et al., 1991) . The objective of this study was to determine the effects of supplementation with protein and energy before and after calving on cow weight and condition, reproductive performance, blood components, and calf weight gains.
Materials and Methods
For three successive years, pregnant primi-and multiparous Hereford and Hereford x Angus cows (1990, n = 96; 1991, n = 126; 1992 , n = 126) were blocked by age, breed, and weight and randomly allotted to treatments. The average calving date was approximately March 3 each year. Supplementation began on November 8 in each year of the study. Cows were supplemented until calving with 1.22 kg/d of a 20% CP soybean hull-based supplement (ENERGY) or 2.44 kg/d of a 40% CP soybean meal-based supplement ( PROTEIN). Supplements provided .51 kg/d of CP. After calving in yr 1, equal numbers of cows from each precalving treatment were fed the same supplement or were switched to the other (NRC, 1988). precalving supplement until the end of supplementation on April 20. In y r 2 and 3 one-third of the cows from each precalving treatment were fed the same supplement, one-third were switched to the other precalving supplement, and one-third of the cows were switched to the PROTEIN supplement to provide 1.1 kg/d of CP ( HI PROT). Composition of supplements, amounts fed, and nutrient percentages are shown in Table 1 . The PROTEIN and ENERGY groups received isonitrogenous amounts of supplemental CP, whereas the ENERGY and HI PROT groups received isocaloric amounts of supplemental energy (ME basis).
Supplement amounts were prorated for 6 d w k individual feeding at 0800 in covered stalls. All cows grazed together on native tallgrass pastures and had free access to a salt-mineral mixture (salt, 63.47; dicalcium phosphate, 33.33; copper sulfate, .40; zinc oxide, .43; mineral oil, 2.85%) and water at all times. During the summer, chlortetracycline (2.27 g/kg of mineral) was added to the salt mixture for control of anaplasmosis. During the first 2 yr of the trial, cows had free access t o native grass hay ( C P = 4.3%) from March 23 until April 20. In the 3rd yr, native grass hay (4.5% CP) was provided during 9 d of inclement weather.
Data for precalving variables were not used for cows that failed to calve or for cows that were removed because of death or injury ( n = 6). For postcalving data cows were removed because of death, injury, or illness that affected performance or failure to wean a live calf ( n = 22). Fifty-one cows were used in two consecutive years of the study. No carry-over effect was anticipated because cows grazed together for 6 mo on tallgrass range between supplementation periods.
Cow weights 16 h after removal from feed and water were taken on November 8 and a t 28-d intervals thereafter until the beginning of the calving season (February 1 ) to determine weight changes during late lactation. From the start of the calving season until supplement feeding was terminated (April 201, cows were weighed at 14-d intervals and the closest weight t o calving was used as the final pregnant weight. The first weight taken after calving was used to determine weight changes during lactation.
A 65-d breeding season commenced the day following the end of supplementation using bulls that had passed breeding soundness examinations (BIF, 1990) . Cow weights were also recorded at the end of breeding and at weaning on October 1. Body condition scores (BCS; Wagner et al., 1988) were estimated by two independent evaluators at the beginning of the trial, the start of the calving season, the start of breeding, end of the breeding, and at weaning. Cows were examined for pregnancy via rectal palpation in October of each year. Conception dates for each year were estimated by subtracting 285 d from the subsequent calving date.
Calves were weighed within 48 h of birth, at the end of supplementation, and at weaning. All calf weights, except for birth weight, were taken after a 16-h withdrawal from feed and water, but calves were allowed to remain with their dams up to weighing. In all years, mono-and diparous cows ( n = 192) had daily milk production estimated by the weighsuckle-weigh technique (Drewry et al., 1959) . Milk production was estimated on April 21st of all years. Calves were sorted into groups of eight pairs in a facility that permitted easy pairing and sorting of cow and calf groups. Calves were then separated from their dams for 8 h, after which they were permitted to suckle for approximately 15 min or until each group had finished nursing. Twenty-four-hour milk production was then estimated by three consecutive 8-h periods. At the beginning of each period calves were individually weighed before nursing, returned immediately to their dams, permitted to nurse, and immediately reweighed.
In yr 3 of the study, 10 spring-calving cows from each of the six precalving x postcalving treatment combinations that calved within a 21-d period in February were selected for evaluation of plasma nonesterified fatty acids (NEFA), glucose, insulin, and urea nitrogen. On April 15, cows were randomly assigned within treatment to two groups for sampling of blood. Beginning at 0700, one tube of blood for serum and one tube for plasma were obtained by venipuncture from the jugular vein. Cows were individually fed their supplements between 0730 and 0800 and moved to a drylot pen where prairie grass hay ( CP = 4.5%) and water were provided for freechoice consumption. Blood samples were obtained at 1, 4, 8, 12 , and 18 h after feeding. Concentrations of insulin were determined in serum samples by RIA as described by Selk (1986) . Glucose, NEFA, and urea nitrogen were quantified in plasma. Glucose and plasma urea were determined by an enzymatic colorimetric procedure (Sigma, no. 510 and 640-B, Sigma Chemical, St. Louis, MO, respectively).
Concentrations of NEFA were determined by an enzymatic colorimetric procedure (Wako-NEFA C, Wako Chemicals, Dallas, TX) with modifications as described by Johnson and Peters ( 1993) . Data were subjected to least squares analysis of variance using PROC GLM of SAS ( 1985) . The statistical model was that appropriate for a randomized complete block design, with a 2 x 3 factorial design having one missing cell. The experimental unit was the cow and calf because supplements were individually fed to cows. To determine the effect of ENERGY and PROTEIN supplements during gestation, a model was constructed using cow age, breed type, year, supplement, and all two-and three-way interactions. The year effect and all the two-and three-way interactions were excluded from the model because they had no effect ( P < .20) on the dependent variables. The initial weight of the cow, birth date within year, and starting BCS were included in the model as covariates. When the F-test for treatments was significant ( P < .05), means were compared to determine the effects of differing supplemental energy (PROTEIN vs ENERGY). To determine the effects of treatments on lactating cows, similar statistical procedures were used with these exceptions. Because of the addition of the HI PROT treatment in yr 2 and 3 and the significance of year ( P < .O 1 ), separate analyses were performed for each year of the experiment. The interaction between supplements fed before and after calving was nonsignificant and removed from all models. The final model for calf performance included supplement type, calf sex, birth weight, and the birthday as independent variables. When the F-test for treatments was significant, means were compared t o determine the effects of differing supplemental energy (PROTEIN vs ENERGY) and protein (ENERGY vs HI PROT).
Results and Discussion

Supplementation During Gestation.
The two-way interaction between ENERGY and PROTEIN supplements fed before and after calving and the three-way interaction between supplement fed before and after calving and year were not significant for any response variable. Data were pooled over year; least squares means of supplements fed in common years are shown in Tables 2, 3 , and 4.
ENERGY-fed cows gained more BW during gestation ( P < .004) than PROTEIN-fed cows (Table 2), although the difference was only 9 kg when averaged over all 3 yr. Differences ranged from 7 kg in yr 3 t o 20 kg in yr 1. Most of the BW gain took place during the first 2 mo of supplementation when both forage quality and weather conditions were more favorable. Compared to previous wintering studies with springcalving cows at this station, differences in precalving cow weight gain were less than those found by Lusby et al. (1991) , who reported that precalving weight gains were 34 kg more for cows supplemented with .5 kg/d of CP from wheat middlings than for cows fed soybean meal. Variation in weather between year as well as differences in supplement ingredients may have affected the magnitude of precalving weight changes. In agreement with greater weight gain, ENERGY-fed cows lost less BCS before calving than PROTEIN-fed cows ( .2 units, P .001). This advantage in BCS for cows fed ENERGY prepartum continued throughout the breeding season ( P < .003) and was measurable at weaning time ( P < .007).
Weight losses at parturition (difference between pre-and postcalving weights) were not influenced by prepartum supplementation. Cows lost approximately 60 kg during calving regardless of which supplement was fed, in agreement with Ewing et al. (19661, who reported that approximately 13% of the precalving weight was lost during calving. The most important finding of this study was that cows fed ENERGY during gestation had greater pregnancy rates than cows fed PROTEIN (90 vs 80%, P < .002). Dunn et al. (19691, Selk et al. (1988) , and Perry et al. ( 1991) found that restriction of nutrient intake during the last trimester reduced reproductive efficiency. However, precalving weight and BCS changes in our study were much less than those reported by these authors, suggesting that prepartum nutritional levels can affect reproduction without major changes in BCS or cow weight. Laflamme and Connor ( 1992) indicated that pregnancy rate, return to estrus, and calving interval were not affected if cows were allowed to achieve or exceed a threshold BCS and(or) consume a suffkient amount of nutrients. The BCS at calving for cows in our study was 5.3 for PROTEIN and 5.4 for ENERGY. Selk et al. ( 1988) suggested that the threshold for rebreeding occurred at a BCS of 5.3. The number of days to conception were similar for cows fed PROTEIN and those fed ENERGY.
Calves of cows fed ENERGY during gestation weighed 1 kg more at birth than calves from PROTEIN-fed cows ( P < .03) and gained more ( 6 kg) from birth to weaning ( P <.06). This increase in weight gain was apparently not a reflection of greater milk production, because 24-h milk production was similar for cows fed PROTEIN and those fed ENERGY before calving. Precalving supplementation of the cow had no effect on summer calf weight gain. bSEM is the average of the least squares means SE in a row. CDifference between last weight prior to and first weight after calving. dScale: 1 = emaciated, 9 = obese. eWeights adjusted for cow age, birth date, and sex of calf.
%S
= not statistically significant.
Supplementation After Calving. The two-way inter-
action between supplements fed before and after calving as well as the three-way interaction between supplements fed before and after calving and year were not significant for any response variable. Cow weight loss from calving to the end of postpartum supplementation was similar for cows fed ENERGY and those fed PROTEIN (Table 3 ) and was less ( P c .002) for cows fed HI PROT than for cows fed ENERGY (Table 4) . Weight gains during the breeding season tended ( P < .15) to be greater for ENERGY-than for PROTEIN-fed cows, but ENERGYfed cows gained 10 kg more ( P c .001) than HI PROTfed cows. Cows fed PROTEIN after calving had greater BW gains ( P < .lo) than cows fed ENERGY during the later half of the summer grazing period.
Differences in BCS generally followed the trend of BW changes. Because of the large number of cows in this study, small differences in BCS were statistically significant, although these differences may not have been large enough to be biologically meaningful.
Milk production during early lactation was greater larger increases in milk production by feeding increased levels of energy, but differences in energy intake levels were controlled to a greater degree than in our study.
Pregnancy rate was not influenced by postpartum supplementation (Tables 3 and 4) . Wiltbank et al. (1964) and Dunn et al. (1969) found that energy intake during early lactation and the breeding season increased the likelihood of pregnancy and increasing postpartum energy intake during the breeding season increased the number of cows returning to estrus (Perry et al., 1991) . Cows with a BCS of 5 that were fed to gain weight during the first 85 d postpartum had a greater pregnancy rate than cows fed to maintain weight (Wettemann et al., 1987) . The relatively short postpartum supplementation period in our trial may not have been suffkient in terms of both length and nutrient intake to significantly increase conception rates.
Level of supplemental energy fed did not affect days to conception (Table 3) . However, there was a significant year x treatment interaction for days to conception when cows were fed ENERGY or HI PROT supplements after calving. For yr 2 of the study, days to conception were similar for cows fed PROTEIN and those fed HI PROT, but for yr 3, cows fed HI PROT Effects of feeding PROTEIN and ENERGY supplememts to spring-calving during early lactation on weight, body condition score, reproduction, and calf performance (all years) bSEM is the average of the least squares means SE in a row.
%ale: 1 = emaciated, 9 = obese. dWeights adjusted for cow age, birth date, and sex of calf. eNS = not statistically significant. postpartum required 13 d longer ( P < . O l ) to conceive than cows fed PROTEIN. Excessive protein supplementation has been shown to decrease reproductive performance in postpartum dairy cows (Canfield et al., 1990) . Elrod and Butler (1993) concluded that feeding excess degradable protein can be deleterious to fertility, especially if inadequate energy is supplied to the rumen. They speculated that excess degradable protein acts through some undefined mechanism to decrease uterine pH during the luteal phase. Feeding the HI PROT supplement to cows grazing low-quality dormant native range would meet both conditions of excess ruminally degradable protein and inadequate energy t o the rumen.
Calf weight gain was not affected at any period of lactation by feeding ENERGY or PROTEIN after calving, in agreement with the milk production estimates taken on April 20 (Table 3 ) . Calves of cows fed HI PROT had weight gains similar to those of calves of cows fed ENERGY during the time cows were fed supplements postcalving but gained less ( P = .004) during the breeding season and tended to gain less in late summer than calves of ENERGY-fed cows (Table 4 ). An explanation for the subsequent reduced calf gains of HI PROT cows is not apparent. Weaning weights of calves from cows fed ENERGY and from those fed PROTEIN were similar, but offspring of HI PROT-fed cows tended ( P < .11) to weigh less a t weaning than those of cows fed ENERGY.
The two-way interaction for precalving x postcalving supplementation was not significant for blood metabolites and insulin; concentrations are presented by pre-and postpartum diets in Table 5 . Prepartum diet did not interact with time of blood sampling.
Blood urea nitrogen ( BUN) concentrations measured on April 15, approximately 6 wk after calving, were similar for cows fed PROTEIN or ENERGY precalving. This was expected because BUN normally reflects ruminal ammonia levels and should not be affected by supplements fed several weeks earlier (Lewis, 1957) . Concentrations of NEFA and glucose in plasma were not influenced by prepartum diets. Concentrations of insulin in serum were greater ( P < .03) for cows fed ENERGY precalving. Feeding ENERGY prepartum may have permitted cows to mobilize greater amounts of fat after calving. Larger glycogen reserves may also have been available during early lactation in cows that received greater amounts of ENERGY before calving.
Interactions between postcalving supplement treatments and sampling times were not significant for NEFA, glucose, or insulin ( Table 5 ) . Concentrations of glucose and NEFA were not influenced by postpartum supplementation. Although feeding HI PROT did not alter plasma glucose, the diet increased ( P < .O 1 ) insulin concentrations. Feeding greater amounts of protein would be expected to increase gluconeogenesis, thereby increasing insulin concentrations. Plasma glucose concentration has been shown to be a poor indicator of energy status (Russel and Wright, 1983) . Insulin is much more likely to be an accurate indicator of glucose flux in the body. Concentrations of insulin in serum during the first 85 d after calving are influenced by BCS at calving and postpartum nutrient intake (Wettemann et al., 1987) .
Concentrations of NEFA were influenced by time after feeding. Insulin in serum was minimal a t 1 to 8 h after feeding and maximal at 18 h after feeding. Wettemann et al. (1987) found that NEFA increased after feeding of cows with a BCS of 5 , but not in thinner cows. Concentrations of insulin attained a maximum at 8 h after feeding. Concentrations of glucose were minimal at 1 h before and 1 h after feeding and were maximal at 12 to 16 h after feeding. The interaction of sampling time and supplement treatment was significant for BUN. Concentrations of BUN were greatest for cows fed HI PROT, reflecting larger amounts of protein being degraded in the rumen. Concentrations of BUN were least for cows fed ENERGY and were intermediate for those fed PRO-TEIN. Feeding additional ENERGY apparently permitted greater incorporation of rumen ammonia and amino acids into microbial protein, resulting in reduced losses of nitrogen from the rumen. The treatment x time interaction resulted from an increase in BUN following feeding of HI PROT and a decrease in BUN following feeding of ENERGY. Concentrations of BUN in cows on HI PROT in this study (approximately 25 mg/dL) were similar to levels observed by Elrod and Butler ( 1993) to reduce fertility in Holstein heifers fed total mixed diets.
Implications
Feeding greater amounts of supplemental energy before calving increased cow body weight gains, body condition scores, and pregnancy rates, but feeding greater levels of energy during a short postpartum supplementation period did not affect weight gains, body condition scores, or calf growth. Changing of supplements a t calving had little effect on cowherd production, indicating that cattle producers have the flexibility to make supplemental adjustments at this time. Feeding very large amounts of protein after calving reduces body weight loss during early lactation but may reduce post-supplementation calf growth and does not improve cow fertility. Prepartum supplementation had more influence on pregnancy rate than postpartum supplementation.
